Points of interest from these procedures: 1. After uneventful anaesthesia for dental restoration postoperative haematuria was noted on ward test urine. The urine was noted to be discoloured. Biochemical investigations and cystoscopy were negative. Perhaps this represented myoglobinuria. 2. Intubation for the caesarean section was noted to be difficult due to inadequate relaxation with suxamethonium, suggesting some degree of masseter spasm. 3 3. Intubation was again noted to be difficult after gallamine was given for the laparoscopy. There was also an unexplained episode of hypotension with systolic blood pressure falling to 60 mmHg after intubation. The patient complained of severe muscle pains and weakness for seven days postoperatively. General medical history was unremarkable apart from the complaint of calf weakness and cramps. The patient had previous surgery for idiopathic scoliosis and pes cavus, abnormalities of mesenchymal origin which have been associated with MH. 2 The only findings of note in physical examination of the patient were her small stature and obvious thoracolumbar deformity.
Anaesthetic management
Premedication was intramuscular papaveretum 12 mg and scopolamine 0.24 mg one hour before surgery. Anaesthesia was induced with thiopentone 200 mg and fentanyl 0.4 mg. The larynx and trachea were sprayed with 3 ml of 4% lignocaine without adrenaline, and the trachea intubated without difficulty with a 7 mm cuffed endotracheal tube after several minutes of assisted ventilation with nitrous oxide, oxygen and enflurane 1 %. Muscle relaxants were not used for intubation to allow optimal placement of electrodes for somatosensory evoked responses (SSERs) used for spinal cord monitoring. The patient was then placed in the prone position, enflurane ceased and anaesthesia maintained with 66% nitrous oxide with oxygen and a fentanyl infusion at 0.08 mg per hour. After placement of the SSER electrodes, muscle relaxation was achieved with vecuronium 4 mg and further vecuronium given in small bolus doses guided by ulnar nerve stimulation with train-of-four stimuli. Ventilation was controlled to maintain end expired C02 near 35 mmHg. Expired tidal volume and ventilator inspiratory pressure were also monitored. Blood pressure was recorded automatically using a Dinamap. ECG was continuously displayed as was arterial oxygen saturation using pulse oximetry.
Subsequent events, summarised diagramatically in Figure 1 , were as follows:
At two and a half hours into the procedure the patient flexed her left arm and pulse rate rose from a previously constant rate of 60 per minute to 80 per minute. Blood pressure remained unchanged with a systolic pressure of 95 mmHg. It was felt that she may have been aware so she was given 125 mg of thiopentone and the enflurane was recommenced at 0.4%. At four hours into the procedure a moderate sinus tachycardia (110 per min) and systemic arterial hypotension (80 mmHg systolic) had developed. The end expired C02 rose to 40 mmHg. There had been no change in the tidal volume or inflating pressures. To this time the patient had received four units of blood. The transfusion rate was increased and calcium chloride 2 ml were given. An oesophageal temperature probe was inserted and the temperature recorded was 37.5°C.
At five hours into the procedure the 'wake-up test' was requested as a further check of spinal cord integrity. The enflurane, nitrous oxide and fentanyl infusion were ceased. Muscle relaxation was antagonised with neostigmine 2.5 mg and atropine 1.2 mg. After three minutes the patient moved both feet on command and anaesthesia was reintroduced with thiopentone 200 mg. Nitrous oxide 66% ethrane 0.8% and the fentanyl infusion were recommenced.
During the next 45 minutes there was a progressive rise in sinus tachycardia to 150 bpm, temperature to 39°C and end-expired C02 tension to 50 mmHg despite increased minute ventilation. The patient's carbon dioxide production was estimated from mixed expired C02 concentration. The value obtained was 200 ml/minute. This is almost twice the predicted value for a girl of her stature in a state of basal metabolism. 4 Muscle relaxation was reinstituted with vecuronium. Over the following fifteen minutes there was a dramatic increase in temperature to 41.8°C and end expired C02 tension rose to 60 mmHg despite vigorous hyperventilation. At this time, coinciding with the completion of the procedure, an emergency was declared and treatment for malignant hyperpyrexia was commenced. This consisted of intravenous dantrolene (2 mg per kilogram), hyperventilation with 100% oxygen using a volatile agent-free circuit and soda-lime canisters, sedation with a 0.3 mg bolus of fentanyl and active cooling with ice packs to the body and cold saline nasogastric lavage. Blood samples taken at the commencement of this treatment showed arterial pH of 7.23, PaC02 52 mmHg, Pa02 419 mmHg, base excess -6.1 mmolll and serum potassium of After 40 minutes of treatment patient temperature had fallen to 38SC, pulse and blood pressure were normal and end-expired C02 tension was 30 mmHg with a normal minute volume. Repeat arterial blood gases showed pH 7.50, PaC02 30 mmHg, Pa02 480 mmHg and base excess of 2.2 mmollI. Serum potassium was 4.3 mmollI.
Cooling measures were then discontinued and the patient was extubated and transferred to the intensive care ward .
The patient's urine was positive for myoglobin one hour after being transferred to intensive care (180 mg/l). On the following day her serum CPK was 12,768 units/I. The B unit concentration was less than 2% of the total, consistent with widespread skeletal muscle cell injury without myocardial or central nervous system damage. In vitro muscle testing has subsequently confirmed this patient to be MH susceptible (personal communication, M. A. Denborough, Canberra, A.C.T., November 1987). DISCUSSION The patient had been exposed to anaesthetic agents on nine previous occasions, including combined suxamethonium and halothane at least four times. Occurrence of MH in patients with previous uneventful exposure to known triggering agents has been reported, 5 and is presumed to represent a variable expression of a complex disorder.
This operation was the patient's longest exposure to anaesthetic agents and there was no clinical indication of developing MH until almost four hours had elapsed. Anaesthetic agents administered in that first four hours up to the start of the tachycardia and rise in C02 production were thiopentone, fentanyl, lignocaine, vecuronium, nitrous oxide and enflurane. There is also the possibility of exposure to trace amounts of halothane from the anaesthetic circuit.
Thiopentone, fentanyl and nitrous oxide are generally considered safe for use in MH susceptible patients. 1 Amide local anaesthetics such as lignocaine have been avoided in the past in such patients, although there has been controversy as to whether their clinical use is likely to release calcium ions from the sarcoplasmic reticulum, 1 and current opinion sees them as likely safe agents when used with MH susceptible patients. 6 ,7 There have been reports of enflurane as a possible trigger 8 ,9 and although vecuronium may be a weak trigger in MH susceptible pigs, 10,11 to our knowledge there are no reports ofvecuronium being used in a patient in whom MH was triggered. Calcium chloride, neostigmine and atropine are not recommended for use in MH susceptible patients 1 and the use of these agents later in the procedure may well have accelerated the hyperthermic process.
The wake-up test was a stressful experience for the patient and may have contributed to the rapid progression of MH. She remembered waking up and had no recall of discomfort from the surgical site but she did describe a terrifying and painful experience of 'being on fire' throughout her body. The suggestion that stress may trigger MH has been made in the past. 12 . 13 Although the role of stress in human MH is not yet defined the possibility remains that triggering may occur when the level of anaesthesia is light and reflex responses are present. 1
